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Sericin content in raw silk from Bombyx mori L. cocoons with different fluorescent 
characteristics

M. Panayotov*

Department of Animal Science – Ruminant and Other Animals, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria

Abstract. Sericin content of raw silk has a significant effect on the economic efficiency of the silkreeling process and the qualities of raw silk. The objective of the 
present study was to analyze sericin content in raw silk from Bombyx mori L. cocoons with different fluorescent characteristics. The subject of study were 1998 
skeins distinguished by sex and fluorescence of double and tetra-cross silkworm hybrids. The results obtained show that the ultraviolet fluorescence of 
cocoons influences the phenotypic expression of sericin content. Reliably lowest is the content of skeins from yellow fluorescent cocoons and the highest is that 
from violet fluorescent ones. Higher is the sericin content of skeins from the tetra-cross hybrids compared to double-cross hybrids. Given that the high sericin 
content is undesirable, economically more viable for the silkreeling industry is the creation and use of breeds and hybrids in which cocoon of yellow 
fluorescence dominate.
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Introduction also on the form of cocoons they form (Gamo and Hirabayashi, 
1984; Islam et al., 1997, 1984; Basavaraja et al., 2000). According to 
Begum et al. (2004), oval cocoons contain more sericin compared to The silk shell of Bombyx mori L. is mainly composed of two 
cocoons with elongated shape and constriction. Sericin content is types of proteins – fibroin and sericin, comprising respectively 20 – 
also influenced by silkworm voltinism and species identification. In 30 and 70 – 80% of its total composition (Voegeli et al., 1993; Lee, 
the silk shell of polyvoltine breeds there is a higher percentage of 1999; Sannappa et al., 2002; Constantinescu et al., 2007; Prasong 
sericin compared to the bi-voltine ones (Siddu and Sonwalkar, et al., 2009). Although the main ingredient is fibroin, sericin also has 
1969), as well as in the silk threads of Bombyx mori L. compared to a significant effect on the quality of natural silk (Vishuprasad, 2004). 
Philosamia ricini (Prasong et al., 2009) and Muga, Tasar and The quantity and nature of sericin are the main features defining the 
Ericream (Teli and Rane, 2011). silk reeling qualities of cocoons. According to Basavaradja et al. 

The above features create conditions for optimizing the ratio of (2000) sericin content is one of the important economic 
fibroin and sericin in favour of fibroin. According to Basavaraja et al. characteristics in the process of silkworm rearing. The high content 
(2000) sericin content in silk can be reduced through selection by of sericin gives a sense of roughness of the thread and deprives the 
using crossbreeds with "negative" heterosis effect for sericin silk fabric from its typical shine and whiteness (Arami et al., 2007). 
content. The inheritable nature of the trait is used by breeders in the Kuwahara et al. (1978) found that raw silk with a low content of 
countries with developed sericulture to create breeds and hybrids sericin is more resistant to abrasion than that containing more 
with low sericin content (Gamo and Hirabayashi, 1984). sericin.

An impact on the relative share of sericin in the silk shell have The content of sericin affects the yield of raw silk and thereby 
some non-genetic factors as well: the diet rate (Sannappa et al., the economic efficiency of the silk reeling process. For this reason, 
2002a), fertilization of mulberry trees with different levels of nitrogen efforts are made to create breeds and hybrids with low sericin 
(Sannappa et al., 2002b), treatment of mulberry leaves before content. The essential role played by the sericin content on the 
feeding with insecticides (Vasarmidaki et al, 2000), products of technological characteristics of cocoons and raw silk and on the 
vegetable origin (Santoshkumar et al., 2000) with asparagic acid effectiveness of the silk reeling process stimulates research to 
(Sevarkodiyone et al., 2002), the juvenile hormone analogue, the establish the factors it depends on and through which it can be 
moulting hormone and a combination thereof (Bharati and Yngen, optimized.
2001; Yngen and Bharati, 2009), with a suspension of wheat flour In relation to that several studies have been conducted to 
and tapioca (Eswaran et al., 2004), herbal tonic Alloe (Manimuthu identify genetic reasons for the phenotypic expression of the trait. 
and Isairasu, 2010), with probiotic (Amala Rani et al., 2011), feeding Studies by Nasirillaev and Lejenko (2005) showed that sericin 

2 an artificial diet (Ito et al., 1995; Bharati and Yngen, 2001), mulberry content is related to the characteristics with averages of h R – 0.176-
2 leaf treated with gold nanoparticles Patil et al. (2013). Poor quality 0.482 and h  – 0.267-0.686. According to Gamo and Hirabayashi 

cocoons (Kato and Hata, 1998) and cocoons with skin (Sonwalkar, (1984), Raghavendra Rao et al. (2007), Basavaradja et al. (2000), 
1969) contain more sericin than the good quality cocoons and those sericin content is inherited and both parents have a role in it. 
without skin.According to these authors, the low sericin content is controlled by 

Regardless of the above variety of factors influencing sericin dominant genes, whereas the high sericin content is controlled by 
content in the composition of natural silk, the magnitude of the recessive ones.
problem stimulates research to expand their scope. Easy to apply, Sericin content does not depend only on the breed (hybrid), but 
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non-destructive and informative is the option for using ultraviolet boiling using the established relationship between the amount and 
fluorescence. According to Chang and Nahm (1988), the ultraviolet absorption of sericin:
fluorescence of cocoons influences the phenotypic expression of Sa (%) = 88.578 x A + 6.5576,
basic technological features. where Sa (%) is the content of sericin in percentage, determined by a 

The purpose of this study is to analyse sericin content in raw silk spectroscopic method, A is absorption of the sericin solution 
from Bombyx mori L. cocoons with different fluorescent recorded 180 min after the beginning of boiling.
characteristics. Spectral measurements were made using a dual beam 

spectrophotometer "Spectromom 195 D" in the ultraviolet range of 
the electromagnetic spectrum at a wavelength of 280 nm. 

The variation statistic data processing was performed using the Material and methods 
software package Statistica v.6 company by StatSoft, Inc. (2002).

The study was implemented at the Traning experimental base 
of section "Silkworm breeding" at the Faculty of Agriculture at Trakia 
University, Stara Zagora. Results and discussion

The material used comprised 1998 silk cocoons with skeins of 
 fluorescence of populations of double Table 1 shows the average sericin content in raw silk (skeins) 

and tetra-cross hybrids of Bombyx mori L. reared under comparable obtained from the analyzed double and tetrs-cross hybrids. The 
conditions in the spring season: comparative analysis of the data in the three groups

· Double-cross hybrids: Super1хХеса2*, 19х20**, 
1013х1014**

· Tetra-cross hybrids: (CH1xИ1)X(М2хН2)*, (19х1013)X 
(20x1014)**

* Hybrids created, maintained and made available for the 
purposes of the experiment by SES-Vratsa 

** Hybrids created and maintained at the Faculty of Agricultural  were observed in the double-cross hybrid 
at Trakia University, Stara Zagora. С хХеса  – 2.56 points, whereas the least pronounced were at 1 2Cocoons were drawn off individually to obtain raw silk by using a 

19x20 – 0.88 points. In males, the greatest difference (2.72 points) 
number apparatus Fu - Hungary. For the fluorescence characteri-

was recorded in (19x1013)X(20x1014) and the lowest (0.74 points) 
zation of cocoons we used a quartz lamp with a filter permeable to 

in raw silk from (CH1xU1)X(M2xH2). The comparative analysis of 
ultraviolet rays in the range 334 – 400 nm. Dissolution of sericin from 

the results for the different fluorescent groups shows that in the violet 
the silk thread was accomplished by the method of Komatsu (1975), 

fluorescent fractions with females, the relative proportion of sericin 
by individual boilng of silk skeins for 180 min at 98°C in M/5 borate 

ranges from 24.00 to 26.10%, respectively with C1xX2 and 
buffer, pH 9, at a ratio of 1:750, modified by Bobov et al. (2006) by 

(CH1xU1)X(M2xH2), with the intermediate fluorescent from 23.29 to 
adding 100μl/ml 0.1 n NaOH.

25.33 and in the yellow-fluorescent – from 24.27 to 27.89%. The 
Sericin content in silk skeins was determined on the basis of the 

average values of the analyzed trait of males varies between 24.00 – thabsorption values recorded at the 180  minute from the beginning of 
26.10, 23.29 – 25.33 and 24.27 – 27.889%, respectively in the 

violet, intermediate and yellow

 (with violet, 
intermediate and yellow fluorescence) within hybrids showed a 
notable trend of decreasing the values of the trait in the direction 
from violet to yellow fluorescence. In all cases the differences 
between the average values of the two extreme forms are 

statistically reliable (P≤ 0.05 – P≤ 0.001). In females, the most 
pronounced differences between the two extreme forms (violet and 
yellow fluorescent)

Table 1. Sericin content in the silk thread depending on the cocoon fluorescence (%) 

Hybrid

 

19x20

1013x1014

C xX1 2

(19х1013)

(20х1014)

(CH xU )1 1

(M xH )2 2

violet

intermediate 

yellow

violet

intermediate 

yellow

violet

intermediate 

yellow

violet

intermediate 

yellow

violet

intermediate 

yellow

81

45

69

54

54

60

117

72

40

60

69

72

60

69

38

30

129

75

60

75

75

63

84

48

52

80

60

90

87

30

24.90 ± 0.29 

24.06 ± 0.34 

24.02 ± 0.27 

24.17 ± 0.40 

23.29 ± 0.19 

22.24 ± 0.20 

24.00 ± 0.13 

24.01 ± 0.15 

21.44 ± 0.26 

26.93 ± 0.27 

25.33 ± 0.22 

24.76 ± 0.24 

26.10 ± 0.15 

24.82 ± 0.17 

24.41 ± 0.52 

25.30 ± 0.22 

24.16 ± 0.15 

23.68 ± 0.18 

24.67 ± 0.30 

22.91 ± 0.19 

23.31 ± 0.25 

24.27 ± 0.24 

23.45 ± 0.18 

23.48 ± 0.20 

27.89 ± 0.36 

26.47 ± 0.19 

25.17 ± 0.20 

25.37 ± 0.16 

24.54 ± 0.16 

24.63 ± 0.30 

Fluorescent colour
n Mean  SEM± Mean  SEM±n

Female Male
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groups with violet, intermediate and yellow fluorescence trait. The in Figure 1 show that in the majority of observations (83.28%) sericin 
data in Table 1 also show that the raw silk of both sexes of the tetra content in the group with violet fluorescence is in the range of 22 to 
hybrids contains more sericin compared to raw silk in double-cross 28% with the highest proportion (36%) of the class, including cases 
hybrids. This is more pronounced in the tetra hybrid form with content 24 – 26%. The figure also shows that in the lowest and 
(19x1013)X(20x1014). therefore most preferred range (18 to 22%) are 8.13% of the 

Sericin is a waste product released during the technological observations, and the highest (28 to 34%) – 8.58%. The class 
processes of obtaining and processing raw silk. Its higher content is distribution of the average values of the fraction with intermediate 
at the expense of (lowers) the basic component in the composition of fluorescence presented in Figure 2 indicates that sericin content in 
natural silk (fibroin). Therefore, lowering the sericin content in silk the range 22 to 28% constitutes 85.75% of the total number of 
threads is one of the main objectives of breeding programs with specimens. In comparison with the violet fluorescent fraction cases 
silkworms. In this sense, for the silkreeling industry it is more containing sericin up to 22% are 1.8 points more and those with 
economically more cost-effective of the hybrids, the subject of this sericin content above 28% – 4.85 points less. In the group with 
study, to use double-cross rather than tetra-cross hybrids. yellow fluorescent characteristics (Figure 3) 76.6% of all 

In Figures 1, 2 and 3 are presented histograms reflecting the observations are the cases with sericin content in the range 22 – 
distribution in grades of the average values obtained for sericin 28%, with the highest rate (34.5) of specimens in the range 22 – 
content in groups with different fluorescence. The results presented 24%. In comparison with the violet and intermediate fluorescent 
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Figure 1. Histogram for the distribution of specimens
with violet fluorescent characteristics, according to
the trait average sericin percentage

N
um

be
r 

of
 o

bs
er

va
tio

ns
K-S d=,05523, p<,05; Lilliefors p<,01

Expected Normal
300

250

200

150

100

50

0
16 18 20 22 24 26 28 30

X ≤ Category Boundary

Figure 2. Histogram for the distribution of specimens 
with intermediate fluorescent characteristics, according 
to the trait average sericin percentage
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Figure 3. Histogram for the distribution of specimens
with yellow fluorescent characteristics, according to 
the trait average sericin percentage
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fractions, in the yellow fluorescent group the maximum value of the Begum A, Basavaraja HK, Patil AK, Ramaswamy GN, Reddy NM, 
trait is respectively 1.84 and 0.48% lower. It is worth noting the fact Kumar NS and Kalpana GV, 2004. Studies on the characteristics of 
that the cases of sericin content in the preferred lower ranges (18 – cocoon in different breeds of silkworm Bombyx mori L. Sericologia, 
22%) in the yellow fluorescent fraction is 8.15 and 13.95 points 44, 497-512.
higher compared to the intermediate and violet fluorescent ones and Begum A, Reddy NM, Quadri SMH and Kumar NS, 
those containing sericin over 28% – 7.21 and 4.85 points less. The 2012.Development of sericin rich bivoltine silkworm breed/hybrid of 
summarized analysis of the histograms on Figures 1, 2 and 3 shows Bombyx mori L. Indian Journal of Sericulture, 51, 32-36.
that the distribution of observations in all three fluorescent groups Chang S and Nahm JH, 1988. Dissolution behavior of sericin in 
corresponds to the Gauss distribution. Given these results and the cocoon shell on the fluorescence colours. Korean Journal of 
fact that as a waste product sericin affects the economic efficiency of Sericultural Science, 30, 33-39.
the silkreeling process, it would be more efficient to use cocoons with Constantinescu M, Pau E and Ungureanu C, 2007.The silk fibers' 
intermediate and mostly yellow fluorescence characteristics. characterization for chemical – physical modifications, International 

stThe data presented on Figure 4 show that the nature of Conference „Sericulture Callenges in the 21  Century“ (Serichal 
rdfluorescence of cocoons influences the limits within which sericin 2007) & the 3  BACSA meeting, 18-21 September 2007, Vratza, 

content varies. The minimum and maximum average values of Bulgaria, Proceedings, 273-277.
variation in sericin content are the highest (20.56 – 29.61%) in the Eswaran RS, Severkodiyone P and Baskaran S, 2004. Effect of 
violet fluorescent group, and the lowest (19.59 – 27.77%) in the 3% suspensions of wheat and tapioca flours on cocoon characters 
yellow fluorescent group. and fecundity of mulberry silkworm, Bombyx mori L. Journal of 

Experimental Zoology, 7, 161-164.
Ito H, Muraoka Y, Yamazaki T, Imamura T, Mori H, Ichida M, 
Sumida M and Matsubara F, 1995. Structure and chemical  Conclusion
composition of silk protein in relation to silkworm diet. Textile 
Research Journal, 65, 755-759.

The reliably lower sericin content found in this study in raw silk 
Islam S, Haque T, Qader M, Khan A and Haque R, 1997. Sericin 

from cocoons with yellow fluorescent characteristcs compared to 
protein contents in different larval developmental stages in some 

raw silk from cocoons wit uorescent characteristics and the 
races of Bombyx mori L. Pakistan Journal of Zoology, 29, 89-91.

lower sericin content in raw silk from the analyzed double-cross 
Gamo T and Hirabayashi T, 1984. Genetic analysis of the boiling off 

hybrids gives rise to beliefs that the use of yellow fluorescent 
ratio in cocoon shell by diallele crosses in the silkworm B. mori L., 

cocoons and cocoons of the double-cross hybrids can increase both 
Journal of Sericultural Science of Japan, 52, 114-120.

the economic efficiency of the silkreeling process and contribute to 
Kuwahara A, Nakamichi H and Shoji Y, 1978. A cohesion behavior 

less pollution of the wastewater obtained at deawing off of cocoons.
on the raw silk with various sericin contens.  Journal of Sericultural 

The results obtained in this study enrich the information on the 
Science of Japan, 47, 483-489.

application of ultraviolet fluorescence in sericulture and the 
Kato H and Hata T, 1998. Degumming and dyeing properties of 

silkreeling industry and focus the attention on expanding the range 
cocoon filaments with a special feature differed from conventional 

of tools to reduce sericin content. In support of this is the statement 
silkworm races. Bulletin of the National Institute of Sericultural and 

made by Tashpulatov (1976) that fluorescence can be used in the 
Entomological Science, Japan, 20, 101-114.

selection process, making selection for lower sericin content. For 
Lee YW, 1999. Silk reeling one testing manual, FAO Agricultural 

that purpose in the course of selection it is possible to create breeds 
services Bulletin, №136, Rome.

and hybrids with predominant content of cocoon with yellow 
Manimuthu M and Isairasu L, 2010. Influence of herbal tonic Alloe 

fluorescent characteristics. The implementation of this option is 
on the overall performance of the mulberry silkworm, Bombyx mori 

favoured by the established high level of genotypic variability of the 
L. Journal of Biopesticides, 3, 567-572.

trait luminescence of the B. mori L. cocoons, which provides high 
Nasirillaev U and Lejenko S, 2005. Inheritable determination of efficiency of the selection.
some quantitative characters of the silkworm , Bombyx mori L., 
International Workshop on Revival and Promotion of Sericultural 
Industries and Small Enterprise Development in the Black, Caspian 
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Instruction for authors

Preparation of papers
Papers shall be submitted at the editorial 
office typed on standard typing pages (A4, 
30 lines per page, 62 characters per line). 
The editors recommend up to 15 pages for 
full research paper ( including abstract 
references, tables, figures and other 
appendices)
The manuscript should be structured as 
follows: Title, Names of authors and 
affiliation address, Abstract, List of 
keywords, Introduction, Material and  
methods,Results, Discussion, Conclusion, 
Acknowledgements (if any), References, 
Tables, Figures.
The title needs to be as concise and 
informative about the nature of research. It 
should be written with small letter /bold, 14/ 
without any abbreviations.  
Names and affiliation of authors
The names of the authors should be 
presented from the initials of first names 
followed by the family names. The 
complete address and name of the 
institution should be stated next. The 
affiliation of authors are designated by 
different signs. For the author who is going 
to be corresponding by the editorial board 
and readers, an E-mail address and 
telephone number should be presented as 
footnote on the first page. Corresponding 
author is indicated with *.
Abstract should be not more than 350 
words. It should be clearly stated what new 
findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of 
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 
possible for others to repeat the experi-
ment in order to verify results.
Results are presented in understandable 

 

tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
and no new paragraphs be used. 
Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
et al.(2003). When several references are 
cited simultaneously, they should be 
ranked by chronological order e.g.: 
(Sandberg, 2002; Andersson et al., 2003; 
Andersson and Georges, 2004).
References are arranged alphabetically by 
the name of the first author. If an author is 
cited more than once, first his individual 
publications are given ranked by year, then 
come publications with one co-author, two 
co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 
parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 

Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
Science, 74, 39-50
Books: Author(s) surname and initials, 
year. Title. Edition, name of publisher, 
place of publication. Example: 
Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
for  Animal  Science and Heal th,  
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condition score on reproductive perfor-

thmance in dairy cows,IX  International 
Conference on Production Diseases in 
Farm Animals, September 11–14, Berlin, 
Germany.
Thesis:
Hristova D, 2013. Investigation on genetic 
diversity in local sheep breeds using DNA 
markers. Thesis for PhD, Trakia University, 
Stara Zagora, Bulgaria, (Bg).

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.

Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.
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